Gravimetric fat data were obtained for a wide range of dairy products with fat contents ranging from 0.5 to 83% using pressurized solvent extraction at elevated temperatures and pressure (80-120°C; 10.3 MPa). Extraction performance was sensitive to solvent composition, temperature, and sample matrix. By optimizing solvent mixtures, sample-solvent contact times of 8-10 min were sufficient for high recoveries from all products tested. The most successful solvents with regard to speed of extraction, selectivity, and recovery (average recovery, %) were various mixtures of hexane (or petroleum ether)-dichloromethane-methanol for dried cream (99.8%), dried whole milk (99.6%), dried buttermilk (98.2%), dried skim milk (97.0%), dried whey protein concentrate (97.5%), casein (95.0%), and caseinate (102.1%); petroleum ether-acetoneethanol or petroleum ether-acetone-isopropanol for cheddar-type cheese (99.4%); petroleum ether-acetone for butter (99.9%); petroleum ether-acetone-isopropanol for cream (100.3%); and petroleum ether-isopropanol for liquid milks (99.0%). Relative standard deviations for repeatability were obtained for dried whole milk (0.2%), dried whey protein concentrate (0.7%), cheese (0.3%), butter (0.1%), and ultraheat treated (UHT) milk (0.7%). Solvent removal and drying of extracts with a heated block evaporator saved time compared with conventional drying ovens. Estimated savings in labor (50-75%) and solvents (80%) were substantial compared with the manual Mojonnier methods.
C ompared with modern instrumental methods available for many types of analyses, the standard IDF-ISO-AOAC Mojonnier methods for determination of fat in dairy products (1) are labor intensive and consume large quantities of highly flammable solvents. Furthermore these methods do not always perform satisfactorily when applied to the expanded range of dairy protein products developed over recent years, in particular whey-derived products with a relatively high proportion of polar lipids in the fat and/or products with a very low fat content. The Rose-Gottlieb (RG) method (2, 3) incompletely extracts free fatty acids and suffers from emulsion formation with whey protein products (4) . The Schmid-Bondzynski-Ratzlaff (SBR) method (5, 6) hydrolyzes phospholipids and may also extract nonlipid material (7) . Another routine method is the Babcock (8) for milk and cheese, which has limited application and lower precision than the gravimetric methods. Soxhlet extraction (4) provides good lipid recovery from dried products but is tedious and impractical to use on a routine basis.
In recent years the many developments and applications of fat extraction methods (using conventional solvents) have been at or near ambient temperature and pressure, none of which are truly rapid. Furthermore, reported dairy applications of a number of more recent analytical methods for fat determination in foodstuffs have been minimal (9) .
Supercritical fluid extraction (SFE) has seen numerous applications; however, little has been published specifically for determination of fat in dairy products by SFE. In recent work with milk powders (10) , low recoveries with supercritical CO 2 were improved with additional conventional solvents as modifiers, illustrating the importance of solvent composition for total lipid recovery. Reported extraction times (40-45 min) were somewhat lengthy. Pressurized solvent extraction (PSE) using conventional solvents may be compared with the Soxhlet principle; however, PSE operates at elevated temperatures and pressures to recover material at a much faster rate. The present work evaluated the potential for PSE to satisfy the dairy industry requirement for a rapid, cost-effective gravimetric analysis.
Experimental
Apparatus (a) Accelerated solvent extractor.-ASE-200, Dionex Corp., Sunnyvale, CA; with 11 mL stainless steel extraction cells and 40 mL glass receiving vials. There were 5 operator-adjustable instrumental parameters: extraction temperature, extraction pressure, static extraction time, number of cycles (in which fresh solvent was pumped into the extraction cell between successive static extraction periods), and flush volume (in which fresh solvent was pumped through the extraction cell at the completion of static extractions). Nitrogen gas purged residual solvent from the extraction cell as a final step in the automated sequence. The general extraction procedure was as follows: A fitted filter paper circle was placed in the bottom of the cell and a sample was weighed into the cell on a tared balance. Clean collection vials were oven-dried (102°C, 30 min) and cooled in air prior to recording vial weights. Cells and vials (with caps fitted) were loaded onto the ASE, and the automated extraction sequence was begun. After extraction, vials (with caps removed) were placed in the block evaporator and extracts were dried as described below. Extraction cells were emptied of residue, cleaned with warm water, and reassembled for reuse.
Extraction Solvents
Solvents were either Analar or Hipersolv grade (BDH, Poole, UK), and were used as supplied. Initial extractions used instrument default values (extraction temperature 100°C, static time 5 min, solvent flush 60%, purge 60 s, one cycle, pressure 10.3 MPa), starting with 2 conventional solvent mixtures: hexane-isopropanol (3 + 2; 11, 2) and chloroform-methanol (2 + 1; 13). The first of these solvents was used to study the effects of varying the instrumental parameters (except pressure, which remained at 10.3 MPa throughout all of the work).
Solvent polarities (14) were used to assist in developing other solvent mixtures to meet fat extraction criteria of speed, selectivity, and quantitative recovery. The effective polarity of a mixture was calculated assuming a linear relationship to volumetric composition. A strongly polar mixture, such as chloroform-methanol, could result in significant nonlipid being co-extracted (as occurs with conventional Soxhlet extractions), whereas a weakly polar mixture would be less likely to extract all of the lipid. A hexane-dichloromethane-methanol (HDM) mixture in the volume ratio 5 + 2 + 1 had a calculated polarity similar to that of hexane-isopropanol (HIP; 3 + 2), with relatively volatile solvents that could assist in the rapid drying of extracts. Because extraction performance was very dependent on solvent composition, other mixtures of HDM were investigated for dried milks and dried milk products. For extractions of cheese, butter, and liquid milks, mixtures of petroleum ether, alcohol, and/or acetone were effective. In later work hexane was replaced by less expensive and less toxic petroleum ether (40-60°C boiling range).
Reference Methods
Where possible, the samples used were supplied as part of the New Zealand dairy industry interlaboratory comparison program (ILCP), in which participating laboratories used standard industry methods for standard products (15) . These methods are essentially the IDF-ISO-AOAC reference methods, namely RG for cream, liquid milks, and milk powders; SBR for casein, caseinate, cheese, and whey protein powders. The Babcock method (8) was an alternative used for cheese. Data averaged by the program were used as reference values for determining ASE recoveries. Samples that were not part of the ILCP were tested in-house by the above methods. The International Dairy Federation (IDF) standard method (16) was used for butter.
Extraction of Powdered Products
A range of dried milk products in which the fat content ranged from >50 to <1% by weight included cream powder, whole milk powder (WMP), skim milk powder (SMP), buttermilk powder (BMP), casein, caseinate, whey protein concentrate (WPC), and whey protein isolate (WPI) powders. The sample test portion was standardized at 2 g, except for cream powder, where only 1 g was used to compensate for the high proportion of fat in that product. Samples were well mixed immediately prior to subsampling into ASE extraction cells. Blanks used empty cells.
HDM mixtures were used for all of these products, with variations in the proportions of each solvent in the mixture depending on the product. Instrumental parameters were also varied as required to achieve an efficient extraction. Repeatability estimates were obtained for WMP and for SMP. For SMP, a nongravimetric estimation of the fat content was made by direct methylation followed by gas chromatography of the fatty acid methyl esters (17) . Fat was determined as triglyceride from the fatty acid methyl esters and compared with the gravimetric RG value.
Extraction of Cheese
Cheese samples were limited to the cheddar type, typically 25-35% fat and 30-40% moisture. Samples were obtained from both the ILCP and from commercial production. A sample of grated cheese (1 ± 0.1 g) was weighed into a mortar containing 2.0 g Hydromatrix ® , a silica-based moisture adsorbent (Varian, Harbor City, CA). The contents were ground with a pestle until the cheese was fully dispersed to give a uniform powdered mixture and then transferred quantitatively into an extraction cell. Blank cells contained 2 g ground Hydromatrix.
Assay repeatability was estimated with a cheese extracted using the optimum conditions as determined by experiment.
Extraction of Butter
Butter samples were prepared according to the IDF standard method (16) . A sample was brought to a semi-liquid state by warming in a 32°C water bath and then thoroughly mixed to ensure homogeneity. Several grams were then drawn into a disposable 10 mL syringe and subsamples of 1 g were weighed into extraction cells containing Hydromatrix. Blank cells contained adsorbent only. Instrument operating parameters, sample size, and Hydromatrix quantity were varied to determine their effects. Recoveries were compared with the reference method (16) .
Extraction of Liquid Milks
Liquid products ranged from cream (40% fat) to skimmed milk (0.1% fat). Sample (1 g) was pipetted into an extraction cell containing 2 g Hydromatrix on a tared balance. The milk dispersed into the silica granules thereby allowing intimate contact with the extracting solvent. After the crude extract was weighed, the fat was extracted from the vial with 2 × 20 mL petroleum ether and determined by weight loss of the vial.
Initial extractions were of WMP solutions of known fat content. After suitable extraction conditions were determined, natural and processed milks were extracted to determine optimum conditions.
Blanks were prepared with Hydromatrix and the equivalent volume of water corresponding to 1 g milk sample. Assay repeatability was estimated with a an ultraheat-treated (UHT) milk.
To increase the solids content in a test portion, we removed the water in samples of milk prior to extraction using a 650 W, 2450 MHz domestic microwave oven. Hydromatrix was used to absorb the milk sample and facilitate the rapid evaporation of water without spattering. A milk sample (2 mL) was delivered by pipet onto the adsorbent (1 g) in a small glass beaker and the weight was recorded. The beaker was then transferred to the microwave oven. After evaporation of moisture from the sample, the beaker contents were transferred to an ASE extraction cell and extracted with the solvents used for milk powder, cheese, or cream.
Drying of Extracts
For preliminary work, a drying procedure similar to the Mojonnier methods was used, i.e., the vials were transferred to a conventional drying oven at 102°C for 90 min and, after cooling for at least 30 min in a desiccator, were then reweighed. Given the rate at which extracts could be generated, this procedure soon became tedious; therefore, the drying procedure was modified as follows and used for all subsequent work: A heated block evaporator with temperature programmable heating was used (Model BTC 2220; GBC-AEC, Auckland, New Zealand). Starting with block temperatures of 60-65°C, the temperature was raised at 1°C/min to 102°C (or to 110°C for solvents containing isopropanol) as the solvent was progressively evaporated, assisted by a gentle stream of nitrogen. After 10-20 min at the maximum temperature, the vials containing the dried fat were removed from the block, cooled rapidly in a forced air draft (5 min), and allowed to equilibrate in air at room temperature (10 min) before weighing.
The "crude" extracts obtained directly from the ASE were expected to contain some nonlipid. To determine the amount of nonlipid in a given extract, the dried extract was rinsed 3 times with 20-25 mL petroleum ether, dried at 102°C for 10 min on the heated block, cooled as above, and reweighed. For whey-derived products containing high proportions of polar lipids in the fat, hexane-chloroform (1 + 1) was used instead of petroleum ether (4). "True" fat content was determined by difference.
Fat Composition
Fatty acid profiles of RG, Soxhlet, and ASE extracts were determined by gas liquid chromatography (GLC) of derived fatty acid methyl esters, using an in-house method based on that of Christopherson and Glass (18) and the saturated, monounsaturated, and polyunsaturated contents were compared.
For samples of WPC (which contained a high proportion of polar lipids in the fat), extracts obtained from both ASE and reference methods were standardized to 4.00 mg/mL in solutions of chloroform-hexane (1 + 1). Aliquots of 10 µL (40 µg total fat) were injected onto a Lichrosorb Diol LC column (Phenomenex, Torrance, CA) using a method based on that of Arnoldsson & Kaufmann (19) . Lipids were detected with a Varex Mk II A evaporative light scattering detector (Alltech Associates, Deerfield, IL) and data recorded using Maxima ® software (Waters Associates, Milford, MA).
Results

Milk Powders
Initial extractions of WMP using conventional solvents produced recoveries of 93% (HIP, 3 + 2) and 89% (chloroform-methanol, 2 + 1). The latter solvent also extracted some nonlipid material, appearing as a faint cloudiness in solution which precipitated on standing.
Complete recovery of fat could not be achieved using HIP (3 + 2). In general, an increase in extraction variables increased recovery but none had a major effect. An increase in flush volume from 50 to 100% of extraction cell volume increased recovery by 2%. An increase in extraction temperature from 80 to 130°C improved recovery from approximately 75 to 90% (Figure 1 ). Evidence of sample decomposition was found above 100°C, when significant nonlipid appeared in the crude extracts. Above 110°C, extraction solutions acquired an orange-brown color, as did the residues. Above 120°C, residues acquired a burnt odor, becoming more intense with further increase in temperature. Static times (1 cycle, 100°C) from 1 to 15 min gave 70-80% recovery (Figure 2 ). Extractions of up to 9 cycles (by repeating the 3-cycle extraction process twice) increased recovery to a maximum of 96-97%. Provided extraction temperature did not exceed 100-110°C, the extracts were free of nonlipid. Three cycles, each of 1 min, produced better recoveries than a single cycle of 3 min; hence subsequent extractions were standardized to 3 cycles.
Extractions of WMP using HDM (5 + 2 + 1) with the ASE default settings gave true fat recoveries ranging from 98.9 to 99.5% (n = 4). Nonlipid material in the extract as a percentage of the extracted fat was 0.9-1.5%. Further extractions established optimum conditions using HDM (80-100°C, 3 cycles, 1 min static time, 100% flush) and resulted in recoveries of 99.63 ± 0.15% (n = 8). The amount of nonlipid was reduced to <0.05% of the sample. The results for a range of WMPs are compared with the ILCP mean values in Table 1 . Replicate extractions of a WMP produced a fat content mean and standard deviation of 29.38 ± 0.045% (n = 8). Using the optimized conditions for WMP, crude fat recovery from the cream powder (RG fat content 54.96%) was 99.84 ± 0.80% (n = 10). Less than 0.05% nonlipid was extracted. An increase in the test portion from 1 to 2 g reduced recovery to 97.3%.
Direct methylation of SMP (RG fat content 0.83-1.07%; n = 3) followed by GLC of fatty acid methyl esters gave an equivalent triglyceride content of 0.81-1.05%. Extraction by ASE of 2 g samples of SMP using HDM (5 + 2 + 1) solvent mixture resulted in recoveries of 58-105% (crude fat) and 45-85% (true fat), for up to 30 min static time per cycle (Figure 2) . Raising the extraction temperature to 100°C with 10 and 20 min static times significantly increased the nonlipid in the crude extract, while marginally improving fat recovery to 86-89%. An increase in sample size to 5 g reduced recovery to 76%. By decreasing the proportion of hexane to 50% of the solvent mixture volume (viz. HDM, 3 + 2 + 1) a recovery of about 80% was obtained after only 1 min static time and with only 0.2% nonlipid. Using this solvent, a range of ILCP samples produced recoveries of 73-101% (Table 1) . Decreasing the proportion of hexane further (to 25% or less) resulted in excessive nonlipid and an apparent fat recovery exceeding 110% (Figure 3) . After replacing hexane with petroleum ether, we determined optimum conditions as petroleum ether-dichloromethane-methanol (2.45 + 2 + 1), at 85-90°C, with 3 cycles of 1 min static extraction. Under these conditions, 6 extractions of an in-house standard SMP (RG fat content 0.933 ± 0.098%; n = 47) resulted in 0.91-1.05% fat. Extracted nonlipid was 0.09-0.39%. Results using HDM (3 + 2 + 1) for buttermilk powder, HDM (1 + 4 + 2) for casein, and HDM (2 + 3 + 3) for caseinate are shown in Table 1 . For casein, the extraction temperature was raised to 120°C. As with SMP, casein and caseinate fats were determined from weight loss of the collection vial after back-extraction of the crude extract with petroleum ether.
WPC and WPI
Soxhlet extraction of WPC (containing 5-7% fat) resulted in approximately 0.6% more fat than the corresponding SBR result (Table 2) . Replicate extractions produced a variation in fat content of up to 0.4%. As with SMP, fat recoveries from WPC using the ASE depended on the hexane content of the various HDM mixtures. HDM (5 + 2 + 1; as used for milk powders), resulted in low recoveries, even with extended static extraction times up to 40 min (Figure 2) . No visible residue remained after the fat was rinsed from the vials with chloroform-methanol (1 + 1). A decrease in the hexane content improved recovery (Figure 3) , the optimum being obtained with dichloromethane-methanol (2 + 1; no hexane). This mixture recovered more fat but also extracted nonlipid material (0.02-0.50%). Purer extracts (0.00-0.25% nonlipid) were obtained with a mixture of HDM (2 + 3 + 3), although fat recovery was slightly reduced. Results of these 2 solvent mixtures for WPC and the very low fat WPI are compared with conventional methods (Table 2) .
Cheese
The importance of complete dispersion of cheese into the silica adsorbent is illustrated in Figure 4 . The degree of dispersion of cheese was estimated visually and was represented as a percentage of maximum dispersion. As with WMP, hexane-isopropanol (3 + 2) produced cheese fat extracts containing very small amounts of nonlipid but was not fully quantitative (Table 3) . Two other solvent mixtures produced >99% recovery of fat: petroleum ether-acetone-ethanol (3 + 2 + 1), which tended to extract relatively high levels of nonlipid (about 1%, observed as a crusty residue after rinsing out the fat from the collection vial); and petroleum ether-isopropanol-acetone (3 + 2 + 1), for which lower levels (< 0.25%) of nonlipid were obtained. Method repeatability was estimated from 6 extractions of a cheese using petroleum ether-acetone-ethanol (3 + 2 + 1). Means and standard deviations were 37.26 ± 0.11% (crude extracts) and 36.45 ± 0.10% (correcting for nonlipid).
Butter
For initial extractions, the Hydromatrix quantity was 1.8-2.0 g, occupying all but the top 6-8 mm of the extraction cells. Extraction of butter (Table 4a ) with 100% petroleum ether resulted in slightly low recovery of fat. Mixtures of petroleum ether and isopropanol improved recovery but the isopropanol slowed solvent evaporation significantly.
Irreversible adsorption of small amounts of fat by the silica was suspected when petroleum ether-acetone was used (Table  4b) . Adsorption was independent of solvent type; recoveries with 3 different, solvents (petroleum ether-isopropanol, 1 + 1, petroleum ether-dichloromethane-methanol, 5 + 2 + 1, and petroleum ether-acetone-ethanol, 3 + 2 + 1) averaged 99.5 ± 0.2% with 1 g Hydromatrix and 100.5 ± 0.2% when there was no adsorbent in the extraction cells. Extracts with no adsorbent present contained measurable quantities (0.1-0.2%) of nonlipid. Butter subsamples exceeding 1.5 g resulted in reduced recovery of fat.
Excellent recoveries were obtained by extracting 1 g butter with petroleum ether-acetone (3 + 2) in the presence of 0.3-0.8 g Hydromatrix. Repeatability standard deviations (Table 5) were similar to those obtained with the reference method (i.e., <0.1%). Nonlipid was not significant (≤ 0.01%).
Liquid Milks
As with the other products, solvent optimization was a compromise between acceptable recovery of fat and minimizing the extraction of nonlipid (Table 6 ). The 11 mL extraction cells held up to 2 g Hydromatrix, which limited the milk sample to approximately 1 g. Milk samples >1 g produced excess nonlipid, and when >1.5 g, water appeared in the extract, which was difficult to remove by drying. Excessive nonlipid interfered with the petroleum ether back-extraction of the crude extract, resulting in a high bias for true fat. Although acetone performed well for reconstituted milk, a superior solvent for natural liquid milks was petroleum ether-isopropanol. Acetone, either alone or with other solvents, produced high levels of nonlipid and low fat recoveries with natural milks. For cream, however, good fat recoveries with minimal nonlipid were obtained with petroleum ether-acetone-isopropanol (3 + 2 + 1), particularly when the Hydromatrixquantity was limited to 1 g. Recoveries were compared to in-house RG data. Repeatability was estimated by 6 extractions of a UHT milk with petroleum ether-isopropanol (3 + 2) at 120°C. Means and standard deviations were 3.48 ± 0.03% (crude extracts) and 3.32 ± 0.02% (true fat).
Recovery of fat from milks adsorbed onto Hydromatrixand dried prior to extraction was 95-98% (Table 7) .
Lipid Analysis
Saturated, monounsaturated, and polyunsaturated fatty acids as proportions of the total fatty acids up to C 18 , from extracts of cream powder, WMP, SMP, and WPC fats, were compared for PSE and reference methods (Table 8) . Longer chain fatty acids (C 20+ ) arising from WPC phospholipid were summed without regard to the degree of unsaturation.
Liquid chromatograms of lipid profiles from ASE and Soxhlet extracts of a WPC were almost identical ( Figure 5 ). Neutral lipids were resolved into triacylglycerols, diacylglycerols, and cholesterol, with partial separation of unesterified fatty acids from the triacylglycerols. The major phospholipids, phosphatidyl ethanolamine, phosphatidyl choline, and sphingomyelin (2 peaks) were resolved. Other minor components were not identified. In contrast, all of the major and minor polar lipid peaks were absent from the chromatogram of the SBR extract.
Discussion
General
For the ASE the most critical factors were solvent composition and sample matrix.
Solvent mixtures fell into 2 broad categories: those that were highly selective for fat but not quantitative; those that extracted fat very rapidly but also extracted measurable quantities of nonlipid. Other important factors were extraction temperature and quantity of silica adsorbent, where required. The speed with which extracts could be obtained allowed numerous solvent mixtures to be tested to optimize mixtures for the range of dairy products. The ability to "fine tune" solvents in this manner, i.e., to provide quantitative recovery of fat with minimal nonlipid-a feature not readily available with tedious conventional methods of solvent extraction, allowed us to determine optimum solvents for specific sample matrixes. For dried products high in fat (e.g., cream powder, WMP, BMP, butter) extracts that were both quantitative and practically free of nonlipid contaminants were readily obtained directly from the ASE. For cheese, low-fat dried products, and liquid milks, extracts free of nonlipid could not be obtained, and required a back-wash of the extract for accurate fat determination. The removal of residual solvent from the fat using a heated block with positive vapor removal required significantly less time to dry the extracts than did a conventional oven.
Advantages of ASE fat extraction were automation, speed of extraction, greatly reduced solvent use, and elimination of the more hazardous but commonly used solvents diethylether and chloroform. Also, petroleum ether became a preferred substitute for hexane for extracting cheese, butter, and milks.
For WMP, BMP, WPC, and butter the ASE demonstrated good repeatability, equal to or approaching that of the reference methods. A disadvantage of the apparatus was its inability to perform multiple extractions simultaneously, a feature which would greatly increase throughput for a busy laboratory.
Milk Powders
For the high fat cream powders, a reduction in fat recovery accompanied an increase in sample size from 1 (550 mg fat) to 2 g, indicating an overload effect. To avoid the possibility of overload, sample weights of cream powders were reduced not to exceed 550 mg fat per test portion.
The problem of accuracy (relative to empirical reference methods) with low fat products was exemplified by SMP. With an efficient solvent (HDM, 3 + 2 + 1 or petroleum ether-dichloromethane-methanol, 2.45 + 2 + 1), the apparent fat content continued to increase with extraction temperature. Thermal decomposition was assumed to be the cause of the high results associated with extractions at and above 100°C. Also, extraction of SMP produced small quantities of an oily residue, insoluble in petroleum ether and therefore not gravimetrically determined as fat. This residue contributed significantly to the differences between crude fat and true fat. The residue was insoluble in chloroform, but dissolved readily in methanol. As no similar residue from RG extractions of SMP were observed, it is probable that, in the RG extraction, this material would partition into the aqueous-alcoholic phase and not be recovered. Extraction conditions producing results within one standard deviation of the RG mean value were accepted empirically as those providing a quantitative fat result.
Whey Powders
For rapid quantitative extraction of whey lipids, a more polar solvent was required. Hexane suppressed extraction of both the lipid and nonlipid, although a practical compromise was offered by the HDM (2 + 3 + 3) mixture. Direct comparison of peak heights in liquid chromatograms of WPC fat provided evidence of high recovery by ASE of the polar lipids, relative to the Soxhlet reference method.
Cheese
Variations in composition (possibly moisture content) of the cheeses that were extracted may have slightly influenced fat recovery for a given extraction solvent. Methods were evaluated for cheeses from different sources to provide an indication of its general applicability, whereas optimizing a method based on a single cheese would be of limited value. The spread of recoveries (Table 3) was possibly greater than might be expected from a single cheese sample. Several of the solvent mixtures used also had advantages of low toxicity, were relatively inexpensive, and for the petroleum ether-acetone-ethanol solvent in particular were relatively volatile, thereby assisting rapid evaporation.
Butter
The reference method for fat in butter (16) , in which the fat is calculated by difference from moisture and nonfat solids determinations, implies a maximum uncertainty of ± 0.2% of butter. Direct measurement of fat in butter to this precision has not been previously reported by instrumental methods. With a small amount of silica adsorbent in the ASE extraction cells, nonlipid was practically eliminated, and results indicated that high accuracy with excellent repeatability was achievable.
Liquid Milks and Cream
Extraction of nonlipid was of much greater importance for milks than for dried products. Because nonlipid could not be eliminated from the extracts, a back extraction of the crude extract was routinely required. The attempt to increase the test portion solids mass by evaporation of the sample water prior to extraction added to the workload and provided inferior recoveries. Another option was to scale up the extractions with the use of larger (33 mL) extraction cells, but the advantages of low solvent consumption and rapid drying of extracts were lost, with little advantage gained from a 3-fold scale-up. Using 11 mL extraction cells, liquid samples were limited to 1 g, which reduced the precision of the gravimetric results for milks. For UHT milk, repeatability was estimated to be 0.06%. Creams were easier to extract and cream extracts con-tained less nonlipid than milks. This was attributed to the greater fat content and lower moisture content of cream compared with milk.
Conclusions
As shown by the ASE apparatus, PSE is capable of very rapid fat extractions using minimal quantities of conventional solvents. The most critical parameter is solvent composition, which needs to be optimized for specific sample matrixes. Although there appears to be no universal single set of extraction conditions, accurate and reproducible results may be achieved for a wide range of dairy products by "tuning" the extraction solvent (and other instrumental parameters) to the sample matrix. This work has demonstrated the potential of PSE to obtain precise and quantitative recovery of fat from a wide range of dairy products and should be of interest to those seeking practical alternatives to the labor-intensive manual methods of gravimetric fat determination commonly used in the manufacturing dairy industry. In addition to a gravimetric fat analysis, PSE provides a rapid method of obtaining intact samples of fat for further analysis of the component lipids.
